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METHOD TO PLATE C4 TO COPPER STUD 
RELATED APPUCAnONS 

This application is a divisional application of application 
Ser. No. 09/004,808 filed Jan. 9, 1998 now U.S. Pat. No. 
6,251.528. 

ITiCHNICAL HELD 

The present invention relates to a process for plating a 
conductive material to a conductive feature in and/or on a 
substrate. More particularly, the present invention concerns 
electroplating a conductive material to a metal feature in 
and/or on a substrate using a highly conducting barrier film 
to conduct electrical current. In particular, the present inven- 
tion provides methods for electroplating a solder ball uti- 
lized in a controlled collapse chip connection (C4) process 
to a metal feature provided in and/or on a substrate. 
Additionally, the present invention provides semiconductor 
structures prepared according to processes of the present 
invention. 

DACKGROUND OF THE INVcNTiON 

Various techniques have been investigated and utilized for 
attaching conductive material to semiconductor chips. These 
methods include the lift-off process, thru-mask methods, 
metal reactive ion etch (RIE) and metal and insulator 
damascene and various combinations of the above-listed 
methods. 'ITie lift-off and thru-mask methods are more 
valuable for large features, such as those typically encoun- 
tered in chip packaging. Unlike the lift-off process and the 
thru-mask methods, the metal RIE and insulator damascene 
methods have been the process of choice for chip metalli- 
zations where the ground rules are typically below one 
micron. 

In accordance with the damascene process, metal film 
may be deposited over the entire patterned substrate surfaces 
to fill trenches and vias. This metal deposition may then be 
followed by metal planarization to remove metal overburden 
and to isolate and define the wiring pattern. When metal 
deposition is by electroplating or by electroless plating 
processes, the plating may be preceded by the deposition of 
a plating base or .seed layer over the entire .surface of the 
patterned wafer or substrate. Also, layers that may improve 
adhesion, and/or prevent conductor-insulator interactions 
and/or interdiffusion may be depo.sited between the plating 
ba.se or seed layer and the insulator. 

In the metal RIE methods, blanket metal film is etched to 
define the conductor pattern. The gaps between the metal 
lines and vias are then filled with insulators. In high perfor- 
mance applications, the dielectric is planarizcd to define a 
flat metal level. One of the main advantages of the dama- 
scene process as compared to metal RIE is that it is often 
easier to etch an insulator as opposed to metal. Also, 
insulator gap fill and planarization may be more problem- 
atic. 

In the metal damascene process, all the reces.ses in the 
insulator are first filled with metal before metal polishing. 
However, during the metal deposition into trenches and vias, 
all the narrower features become filled before their wider 
counterparts, lliu.s, all features with width less than 2 
microns will be filled before those with width greater than 5 
microns. Hence, to fill trenches or test pads with width of 50 
microns, the smaller recesses typically with widths less than 
5 microns are overplated. During metal chemical- 
mechanical polishing (CMP), the additional time needed to 
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remove the excess metal overburden on the overplated 
smaller features causes dishing on the larger features. Also, 
because of the prolonged polishing limes, insulator adjacent 
may severely erode. Severe dishing and insulator erosion in 

5 large metal features is a source of yield loss, especially when 
the occur at lower levels. Here they cause trapped metal 
defecLs at the next higher level. 'Hie longer lime needed to 
remove the thicker metal overburden of the smallest metal 
lines and vias is one of the main culprits responsible for the 

10 low thrupul and yield losses in the metal CMP process. 
Moreover, this last mclal wiring level, which may include 
Cu, Al, Au, Ni, W, a-Ta, and/or other metals and/or alloys 
with low resistivity, typically contains very wide metal lines 
for power bussing and large pads for wirebonds or C4 solder 

15 balls. In the CMP process, these relatively large metal 
structures are sensitive to dishing because of the prolonged 
polishing times. 

After formation of wiring according to the above- 
described processes, further processing may be carried out 

^ on the substrate. For example, conductive elements, such as 
solder balls may be attached to portions of the wiring. One 
example of conductive elements that may he attached 
include solder balls for a C4 process. 

Typically, patterns for a C4 process are created utilizing 
standard lithography techniques. According to such 
processes, a seed layer may be patterned, followed by 
lead-tin plating. 

SUMMARY OF INVENTION 

Broadly, an object of the present invention is to provide 
a process for selectively plating mclal ulilizing more than 
one metal as an electrode. One of the metals serves as a seed 
layer for plating and may be patterned. Another metal may 
act as a current carrying conductor during plating. 

According to a particular application, an object of the 
present invention is to provide a process lhal permits attach- 
ing C4 solder balls directly to a final mclal level in and/or on 
a substrate without requiring the utilization of a mask tyjiical 
of traditional processes. 

An advantage of the present invention is that it provides 
a less expensive process that known process for producing 
similar results. 

Another advantage of the present invention is lhal it may 
45 utilize a barrier metal to carry plating current. 

A further advantage of the present invention is that it may 
eliminate plaling of mclal on pins. 

An additional advantage of the present invention is that is 
may provide higher productivity as compared to known 
50 processes. 

In accordance with these and other objects and 
advantages, the present invention provides a method for 
plating a second metal directly to a first without utilizing a 
mask. A semiconductor substrate is provided including at 

55 least one metal feature of a first metal and at least one 
insulating layer covering said metal feature and the sub- 
strate. At least one recess is formed in the at least one 
insulating layer, thereby exposing at least a portion of the 
metal feature. At least one conductive barrier layer is formed 

60 over the insulating layer and the exposed portion of the 
metal feature. A plaling seed layer is formed over the al least 
one barrier layer. A photoresist layer is deposited over the 
plating seed layer. Portions of the photoresist layer and 
portions of the plating seed layer outside of the al least one 

65 reccsR are removed. Photoresist remaining in the at least one 
recess is removed. A second metal is plated to the plaling 
seed layer in the recess. 
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Aspects of the present inventioa also provide a method for 
plating a second metal directly to a first metal without 
utilizing a mask. A semiconductor substrate is provided 
including at least one metal feature of a first metal and at 
least one insulating layer covering the metal feature and the 
substrate. At least one recess is formed in the at least one 
insulating layer, thereby exposing at least a portion of the 
metal feature. At least one conductive barrier layer is formed 
over the insulating layer and the exposed portion of the 
metal feature. A plating seed layer is formed over the at least 
one barrier layer. A pad is provided in the at least one recess 
for preventing removal of portions of the seed layer in the at 
least one recess. Portions of the photoresist layer and por- 
tions of the plating seed layer outside of the at least one 
recess are removed. The pad is removed. A second metal is 
electroplated to the plating seed layer in the recess. 

Rirthermore, aspecte of the present invention provide a 
semiconductor strucUire including a semiconductor sub- 
strate. At least one metal feature of a first metal is provided 
in the substrate. At least one insulating layer at least partially 
covers the at least one metal feature. At least one recess is 
located in the at least one insulating layer over the at least 
one metal feature. At least one conductive barrier layer is 
located over the at least one electrical insulating layer and 
over a portion of the at least one metal feature under the at 
least one recess. At least one plating seed layer is located 
over a portion of the conductive barrier layer within the 
recess. A second metal is electroplated to the seed layer in 
the recesses. 

Still other objects and advantages of the present invention 
will become readily apparent by those skilled in the art irom 
the following detailed description, wherein it is shown and 
described only the preferred embodiments of the invention, 
simply by way of illustration of the best mode contemplated 
of carrying out the invention. As will be realized the 
invention is capable of other and differenl cmbodiraenLs, and 
its several details arc capable of modifications in various 
obvious respects, without departing from the invention. 
Accordingly, the description is to be regarded as illustrative 
in nature and not as restrictive. 

SUMMARY OF THE DRAWINGS 

ITie above objects and advantages of the present invention 
will be more clearly understood when considered in con- 
junction with the accompanying drawings, in which: 

FIG. 1 represents a cross-sectional view of an embodi- 
ment of the present invention with a C4 opening etched over 
last metal; 

FIG. 2 represents a cross-sectional view of an embodi- 
ment of the present invention illustrating a copper seedlayer 
after touch-up polishing to remove resist and copper seed- 
layer outside a depression, while leaving resist in the depres- 
sion; and 

FIG. 3 represents a cross-sectional view of an embodi- 
ment of the present invention illustrating a state in a process 
according to the present invention in which resist has been 
stripped, solder plated and rcflowed, a barrier removed, 
copper seed layer a)nsumed by .solder reflow and a C4 ball 
arranged in a recess and joined to the structure. 

BEST AND VARIOUS MODES FOR CARRYING 
OUT THE INVENTION 

As described above, the prCvSent invention relates to 
electroplating a second metal on a metal feature of a first 
metal wherein the metal feature is arranged in and/or on a 
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substrate. The present invention permits the second metal to 
be electroplated without utilizing a mask. 

To carry out this process, methods of the present invention 
utilize a highly conducting barrier film alpha-Ta to carry 
5 current and selectively plate recesses in semiconducting and 
non -semiconducting substrates. 'I1ie methods according to 
the present invention include providing a substrate. Various 
features may be provide in the substrate for accomplishing 
various tasks. 

10 For example, the various features made of conductive 
material may be provided in and/or on the substrate. One 
example of such a feature is a metal last formed in the 
substrate. According to one example, the last is made of 
copper. However, as stated above, other features may be 
provided in the substrate having other forms and functions 
and made of other conductive materials. 

Often, it is desired to attach devices, such as semicon- 
ductor chips, to a substrate, such as a chip carrier. A number 
of processes are available for attaching devices to a sub- 
strate. Many such processes may include providing electri- 
^ cal connections between a device and a substrate as well as 
attaching the device to the substrate. 

An example nf a device attachment method is the C4 
process. This process is described in detail in U.S. Pal. No. 
5,089,440 issued Feb. 18, 1992, to Christie et al., the entire 
' disclosure of which is hereby incorporated by reference. 
Such methods are also described in U.S. Pat. Nos. 3,401,126 
and 3,429,040 to Miller, the entire disclosure of which is 
hereby incorporated by reference. The present inveniioo is 
particularly useful in such processes. However, usefulness 
of the present invention is by no means limited lo such 
processes. In fact, the present invention may be useful in any 
application for selectively plating one metal to another metal 
utilizing more than one metal as an electrode. 

According to the present invenlion, a conductive barrier 
film of a-Ta, TaN/a-Ta, (x-TaAlaN, or TaN/a-'la/TaN with 
resistivity in the range of 14 to 50 micro-ohm cm is sputtered 
at least in at least one recess over a metal tealure in a 
substrate. This is followed by the deposition of a plating base 
^ or seed layer over the barrier layer. A photoresist is deposited 
and patterned over the plating seed layer. The photoresist 
and seed layer are removed on all the field regions above the 
at least one recess, exposing the barrier layer. The photore- 
sist remaining in the at least one recess is removed exposing 
the seed layer in the at least one recess. The substrate may 
then be electroplated, using the workpiece as the cathode. 
Accordingly, plating occurs on the seed layer in the at least 
one recess and not on other parts of the semiconductor 
substrate. 

50 According lo an alternate embodiment of the present 
invention, a barrier film of a-Ta, TaN/a-Ta, a-Ta/TaN, or 
TaN/a-Ta/TaN may be sputtered at least over the at least one 
recess in the substrate. A plating base or seed layer is 
deposited. The seed layer may then be polished off outside 

55 the at least one recess. The at least one recess may then be 
plated using the barrier film without seed layers at the 
periphery of the substrate wafers for electrical contact. 

Further aspects of the present invention are concerned 
with semiconductor substrates that includes at least one 

^0 .scmia)nductor or circuit structure located on al lea.st one of 
major surface. 

In accordance with the present invention, as shown in 
FIG. 1, a substrate 1 may be provided. Typical semiconduc- 
tor substrates include silicon and group II I- V semiconduc- 
65 tors. 

At least one feature made of a conducting material may be 
provided in and/or on the substrate. The substrate shown in 
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FIG. 1 includes a last 3 formed in the substrate. The last in seed layer may be deposited by CVD methods or by elec- 

ihe substrate shown in FIG. 1 is copper. The last is sur- iroless plating method 

rounded by a layer 2 of an insulating material. ^^^^ ^^^^^^^^ ^ photoresist may 

TTie substrate and the conductive feamre may be covered ^ .^^^ ^^^^ ^ ^^^J^^ 

by at least one layer of an electrically insulating material. 5 photosensitive resist materials known in the art can be 

The msulatmg layer be thermaUy grown or deposited such as employed. The resist is typically appUed by spinning on or 

by chemical vapor deposition or physical vapor deposition. j^y spraying. 

Typically, the insulating layer is about 2000 to about 30,000 ^^^^ photoresist employed can be a positive photoresist or 

A thick, and more typically about 4000 to about 20.000 A ^ negative photoresist. A positive photoresist material is one 

which on exposure to imaging radiation, is capable of being 

In the embodiment shown in FIG. 1, the substrate and the rendered soluble in a solvent in which the unexposed resist 

conductive feature are covered by an insulating layer made not soluble. A negative resist material is one which is 

up of an oxide/nitride layer 5. In the embodiment shown in capable of polymerizing and/or insolubilizing upon expo- 

FIG, 1, a layer of polyimide 7 is deposited on the oxide/ is sure to imaging radiation. 

nitride layer 5. Apolyimide passivation 8 layer made of, for ^ ^^^^^y^ ^ ^f photoresist material is based 

example, a mtride and/or another hard insulator, may be upon phenolic-formaldehyde Novolak polymers. A particu- 

depositcd over the polyimide. The passivation layer may hr example of such is Shipley AZ-1350 which is a m-cresol 

help to prevent the polyimide layer from picking up mois- formaldehyde novolak polymer composition. Such is a 

ture and/or scratches, for example. ^ positive resist composition and includes tbeiein a diazo 

In the particular application of the present invention ketone such as 2-diazo-l-naphlhol-5 -sulfonic acid ester, 

shown in FIG. 1, at least one recess 9 may be formed through '^^^ photoresis! may be selectively removed ever/v/here 

the at least one insulating layer. The at least one recess is except for the in the recess(es). The resist remaining in the 

formed to as to expose at least a portion of the at least one 25 recess(es) may protects the seed layer in the recesses (both 

conductive feamre. Each conductive feature may have at the side walls and bottom of the recesses). The seed layer 

least one recess formed cxpasing the conductive feature. lying outside of the recesses may be removed simulla- 

More than one recess may be formed over some conductive ncously with the photoresist. Actually, since the seed layer 

features. lies under the photoresist, the seed layer may be removed 

In the embodiment shown in FIG. 1, the recess 9 exposes subsequent to the removal of the photoresist. They may be 

a portion of the last metal 3. The recess may be formed removed by the same process. 

according to known photolithography techniques. The Both the photoresist and the seed layer may be removed 

recess may be formed during the deposition of the at least a process such as chemical-mechanical polishing. The 

one insulating Uyer. Alternatively, the at least one recess 35 chemicaLmechanical polishing may employ, for example, 

may be formed in the at least one ia^mlating layer after ,^^^*=°^f, P°^f ^^"""^ contaming abrasive particles 

, .... ^ ^ such as colloidal sihca. 

formation of the at least one msulatmg layer. kt ♦ .u ^ ic p.k .1 .1 

* ' Next, the portions 15 of the resist layer remaimng m the 

Next, a conductive barrier U may provided over the rccess(es) that protected the seed layer within the recesses 

insulating layer. Preferably, the conductive barrier may ^ from removal is removed. The resist may be removed by 

include a layer of tantalum nitride first sputter deposited dissolving in a suitable solvent for the photoresist material, 

over the insulating layer, the walls of the recess, and the According to an alternative embodiment, photoresist may 

exposed conductive feature to a thickness of about IS A to not be utilized. Such an embodiment may utilize a very hard 

about 500 A and more typically to a thickness of about 50 pad to prevent dishing of the seed layer in the depression. A 

A to about 300 A to act as adhesion promoting layer between 45 hard polishing pad, such as IC 1000 or IC 100/Suba IV from 

the insulating layer and subsequently to be applied tantalum Rodcl Inc., may be used to polish off the seed layer. One 

layer. Then, a tantalum layer may be sputtered over the layer possible disadvantage of not using photoresist is that slurry 

of tantalum nitride, where it may form a-Ta spontaneously. utilized in chemical-mechanical polishing techniques may 

Typically, the thickness of the tantalum layer is about 500 A enter the recess. The slurry typically would then need to be 

to about 3000 A A and more typically about 1000 A to about removed. One way to remove the slurry is in a megasonic 

2000 A. Also, a-Ta may be deposited directly over the cleaning solution. 

insulator by sputtering methods. Typically, the thickness of After removal of the resist, if necessary, conductive metal 
the a-Ta is about 500 A to about 5000 A. and more typicaUy 17, such as lead-tin or other terminal metallurgies, is elec- 
aboul KKK) A to about 3000 A. 55 troplated on the portions of the seed layer remaining in the 
After the deposition of the barrier layer, a seed layer 13 recesses, to result in the strucUire shown in FIG. 3. During 
may be deposited over the barrier layer 11 including on the the electroplating, the barrier layer 11 may act as a cathode 
walls and bottom of the recess(es). The preferred seed layer terminal for carrying the electroplating current. For lead-tin 
is copper, which can be deposited by sputtering or evapo- solders, plating, commercial solder plating baths such as NF 
ration and preferably by sputtering. The copper may be ^ 800 HS or NF 72 BC from Technic Inc., Rhode Island, may 
sputtered employing temperatures of less than about 150* be u.sed. Other proprietary commercially available lead-tin 
C, preferably less than about 100* C, such as about 100* C. solders, eutectic solders, lead-free solders and/or other plat- 
to about -10* C. The sputtering may be carried out in the able terminal metallurgies may be utilized, 
absence of an anneal. The sputtering is typicaUy carried out 55 '\^^ electroplating Is continued a desired amount of the 
to provide a seed layer of about 100 A to about 2000 A and conductive metal is plated in the recc!w(cs). ITiis usually 
preferably about 400 A to about 1000 A. Also, the copper takes about 10 min. to about 90min, mure typically abuiH 20 



